Abstract-Emerging awareness of sustainability matters urge the people go for green computing as solution to the environmental problems. There were a lot of previous researches studied about hardware solution, and only few papers that focused on green software area. However, there is lacking of research that discusses about how to implement knowledge management method to manage the green knowledge of software development. As we know that software development is an important role in supporting the IT community, hence the unmanaged green knowledge of software development will lead to the problem of unable to meet both the environmental and business demands to the community. Therefore, this research will focus on proposing a model that applies web-based knowledge management system to manage and share the green knowledge of software development among the members of community of practice in software development environment.
I. INTRODUCTION
As a result of global environmental alertness, competitive awareness and industry initiatives, many organizations desire for achieving sustainability in environment aspect. Numerous researches focus on green computing as a solution for energysaving on physical machines, virtualization and datacenters. The general definition of green computing is to support business essential computing demands with minimum possible amount of power consumption and finally achieve sustainable computing [1] . However, previous researches and organizations did not pay much attention to green software development perspective. The difference between traditional software development lifecycle and green software development lifecycle is: Green software will be continuously assessed, evaluated, documented and managed for further optimization to be aware of the positive and negative influences on sustainable development in the every stage of the software development life cycle.
Besides, the growing usability of information, communication, application development and the greatly complex computation result that energy consumed in computation, storage and communication should be paid high concentration. Hence, there is a need to explore more opportunities about techniques that are applicable in developing software which can achieve the goals of energysaving and carbon footprint reduction. Therefore, ways to manage the green knowledge of software development is crucial.
To fill the research gap on lacking of method to administer, share and propagate the importance of green knowledge of software development, this research will focus on study on the processes and activities of green software development. Then, a green software development model is proposed which applying web-based knowledge management system. It is a system that allows online integration and online access of huge amount of data resources in order to manage and share the guidelines, practices, approaches and activities of green software development among the members of community of practice for achieving the goal of sustaining the future generation in the long run.
Therefore, the research gap can be bridged by transforming green knowledge of software development that only retains in certain IT experts to actionable knowledge through knowledge management techniques. Hence, the green knowledge can be shared among all member of community of practice in IT area. Community of practice in software development environment is important for the IT practitioners in sharing and interacting with each other. At the end, the outcome of this research is the model with phase-by-phase guidelines that enable IT practitioners to develop an environmental-friendly software product without compromising the functionality and effectiveness of the software itself.
II. LITERATURE REVIEW

A. Knolwedge Management and Web-based KM
Knowledge management (KM) can be defined as processes involved in assembling and storing knowledge in an appropriate place and format, and then how the knowledge can be accessed at the right time, in the right place and to the right person [2] .
As shown in Fig. 1 , there are few stages of knowledge management process. First of all is the stage of knowledge creation. Knowledge is organized and interpreted information. Reference [3] mentioned that knowledge creation is the capability to generate new and useful ideas to solve existing problems effectively. According to [4] , knowledge creation involves dynamic interaction between tacit and explicit knowledge in a continuous process. Four kinds of knowledge creation introduced by the researchers: Socialization (tacit knowledge sharing), externalization (conversion of tacit knowledge to new explicit knowledge), internalization (conversion of explicit knowledge to new tacit knowledge) and combination (compilation of explicit knowledge).
Knowledge created in the previous process is needed to be documented and codified for the purpose of storage and retrieval. Advanced storage and retrieval technologies and techniques can be effective and efficient methods in storing and retrieving knowledge, for example database management systems, expert systems, query languages, intelligent agents etc. [5] .
Besides, the importance of the purpose of managing knowledge is to make sure that knowledge can be transfer through sharing among each other. Therefore, the third stage of the process is knowledge transfer. Reference [5] specified that knowledge transfer can be carried out in several levels, such as between individuals and groups, among individuals and groups, from individual or groups to explicit sources etc.
Knowledge application is the stage where value creation is delivered, which means to make knowledge becoming more dynamic and appropriate for the organization in creating values [6] . Current advanced technologies and techniques can be implemented to support knowledge application by embedding knowledge into organizational norms, beliefs, procedures and routines [7] . Knowledge application can make sure that right kind of knowledge is easy to locate in the right place at the right time to the right person. However, there are always new technologies, approaches, techniques and issues emerging from time to time. Hence, knowledge management process never ends and is a continuous cycle due to the rapid and dynamic change of the knowledge environment.
The transformation to Web 3.0 allows online integration and online access of huge amount of data resources and drives the development of a web-based KM, which will be applied to manage the whole KM process. Nowadays, the trend of KM has changed to the use of social computing, such as collaborative filtering, networking sites and others, in promoting knowledge sharing formal and also informally at inter-organizational and global level [8] . In general, webbased KM is about to use application that is accessed over a network and to apply web browser as a client to manage information so that individuals can operate KM system to process the information in more effective and meaningful way.
There are a lot of advantages that a web-based type of KM system can offer. For example, web-based KM is using existing web browser as a client, which able to reduce hardware requirement, simplify system development, and also make simpler the maintenance and update tasks [9] . In this research, the web-based KM allows the IT practitioners to generate green IT knowledge through online collaboration with other IT practitioners; easy access and manage the IT guidance, policy analysis, tools and other information by using web browser; and share their findings and opinions during the software development process through the online platform. 
B. Green Software Development
Reference [10] and [11] mentioned about there are two types of software: Application software, which users directly access it to execute required business functions; and system software, which involves of low-level programs that are hiding the complexities of computer programming from the users. Reference [12] stated that there are software products, such as smart heating, paper free office, that directly promote sustainability aspect. However, software products with multipurpose, such as word processors, that do not directly promote sustainability, but these products still will indirectly make negative impact to the environment. As verified by [13] , various software products that have same functionality will be different significantly in their direct energy consumption. Therefore, software developers need to be aware of the sustainability concern while they are developing software products although the main function of the software products is not about directly promote sustainability matter.
In the whole life cycle, the green software will be continuously assessed, evaluated, documented and used for further optimization to be aware of the positive and negative impacts on sustainable development. Four dimensions: Social, environment, economic and technical, should be measured in analyzing sustainability of software development [14] . According to [11] and [14] , concept of green software development life cycle (Green SDLC) should be propagated in the early stage to create environmental awareness. Therefore, energy consumed, resource waste and pollution can be minimized from the beginning of the Green SDLC to the end.
Reference [10] and [11] suggested that awareness about the concept of energy efficiency should be introduced and propagated starting from the early stage of green software development. On the other hand, [15] agreed that individual phases of SDLC should be benefited from environment friendly measures. A set of suggestions are also introduced by [15] to be included into the traditional SDLC. Fig. 2 shows the seven phases of Green SDLC. 
C. Community of Practice
A new organizational form, community of practice (CoP), which promotes knowledge sharing and learning within a group of people, who bounds together informally, exchanges expertise and experience about a specific domain of knowledge among each other in free-flowing methods, hence it able to encourage new and creative solution to problems, spreads best practices and foster professional skills [16] . Furthermore, [16] stated that passion and commitment toward the specific expertise, and recognition with the group's expertise are the reasons that the members of the CoP are willing to hold the group together. Therefore, they choose to become member of the CoP because they want to instead of they need to.
Besides, the CoP will last as long as the members of the group still have interest in maintaining it. This is one of the powerful strengths of CoP. In software development environment, the members of CoP include programmers, system analyst, software engineer, software maintainers and network administrator. They collaborate with each other in sharing knowledge. Examples of different kinds of knowledge that they share together [17] , such as:
1) Domain knowledge:
Knowledge of products and processes.
2) Knowledge on source of knowledge: Where is the knowledge resides.
3) Managerial knowledge: Task and project tracking and management, resource and input management.
4) Organizational knowledge:
Roles of different IT practitioners.
5) Technical knowledge:
System analysis, requirement analysis, development tools etc.
III. METHODOLOGY
To develop the green software development model for enabling web-based KM System in facilitating the ultimate goal of sustainability to be achieved among IT practitioners, steps as shown as below are involving in the research:
1) Recognize the state of practice in green software development; study and evaluate existing papers in the scope of green software development: After studying various papers, the scope of Green SDLC in this paper has been set to seven phases: 1) Requirement, 2) Design, 3) Implementation, 4) Testing, 5) Installation, 6) Maintenance and 7) Retirement.
2) Identify in literature about the processes and activities for summarizing components of green development software: The detailed explanation of the components of processes and activities of Green SDLC have been recognized in the next section.
3) Analyse existing researches of software development related to green technology and propose a green software development model: The proposed model will be explained in the next section.
IV. PROPOSED MODEL
As preliminary result of this research, the proposed model can be formulated as shown in Fig. 3 : Web-based KM system, which allows online integration and online access of huge amount of data resources among all members of CoP, will be implemented to support the process of capturing, storing and disseminating green knowledge of software development. The system will make sure that green knowledge can be managed and shared effectively across all the phases of the green SDLC. The web-based KM system ensures that green knowledge of software development can be accessed and shared at the right time, in the right place and to the right IT practitioners. The KM system can enable a smooth flow of knowledge of green software development, then facilitate the thoughts of achieving environmental sustainability among the members of CoP in software development environment and finally able to sustain the future generation in the long run.
Global environmental alertness, competitive awareness and industry initiatives are the reasons that initiate the application of green software development model, which consists of seven phases: 1) Requirement, 2) Design, 3) Implementation, 4) Testing, 5) Installation, 6) Maintenance and 7) Retirement. The detailed activities, practices and approaches from various research papers [10] e) Requirements about User Interface should be collected: For example, do not use bright colours for the screens since will bright colours of screen can consume more power, monitors should be switched off or in low power mode while not in use etc.
f) Reusable prototype: should be developed instead of developing throw-away prototype.
2) Design a) Traditional designs: design of modules, abstraction levels, data structures and software architectures. In G-SDLC, energy efficiency should be included.
b) Design that includes energy consumption issue:
example highly dependent modules could result high energy consumption. c) GUI design: it can reduce energy usage by reducing user interactions with the interface.
d) Due to increasing popularity of smart gadgets (with limited battery power), GUI design should optimize user interfaces for energy saving. e) Data structure and algorithms design: should reduce complexity and energy consumption by preventing redundancy and uncontrolled dataflow, unnecessary use of loops, controls, branching and switch statements. f) While designing encryption for security purpose, Advanced Encryption Standard (AES) algorithm has lower energy consumption compared to Data Encryption Standard (DES), Rivest Cipher 2 (RC2) and 3DES.
g) Simplicity of design should be achieved since complexity of design can lead to higher documentation, higher energy and resource consumption. Otherwise, modularization can be implemented for a complex design.
h) Reusable design, such as plug-in architecture can achieve re-usability and extensibility.
i) Repetitive change in design should be avoided.
3) Implementation a) Amount of parameters need to be in planned to decrease energy usage in a network during data transmission. b) Programming language used can affect energy usage, some of the language can effectively operate CPU and memory via multithreading and garbage collection approaches.
c) Loop-unrolling mechanism can rewrite instructions in a new sequence that can be executed in parallel, so that instructions can be reduced and the loop can be controlled. f) Hardware-specific Application Programming Interface (API's) is discouraged because the software will become unusable while the hardware is outdated. Therefore, hardware abstraction layer which decouples software system from hardware related complexities is supported. g) Certain programming methods that cause higher energy and resource consumption should be avoided, such as application of Mutex for synchronization of threads within a process, keep a database connection for a long period, uphold redundant copies of data, use of nested loops etc.
h) Automation tools of repetitive tasks, for example, automatic code generation tools, Automatic Code review tools, is encouraged to reduce time taken and avoid manual mistakes.
i) Pair-programming can be considered to achieve the reduction in number of resources.
4) Testing a) Scope, objectives, approach, number of people and amount of equipment allocated for planning of testing in energy consumption, security validation and quality assurance should be considered.
b) Well-defined test cases that related to energy usage should be created and analyzed. c) A phase to verify and validate the correctness and functionality of a software product. d) Unit tests, test automation, performance testing and resource profiling should be considered so that the process can be standardized, test cases can be reused, productivity and accuracy of testing, reduction of resources can be achieved.
5) Installation a)
Software is prepared to be installed at this stage.
b) Data compression techniques can be applied to minimize the size of installation packages. d) The software-related resources can be benefited for training and knowledge sharing purpose, or donated to universities for academic use.
V. DISCUSSION
At first, components of green software development have been identified from numerous papers and state of practices. Then, a green software development model is developed, which offers phase-by-phase procedures, approaches and activities in clarifying how to develop a "green" software product. The guidelines suggested by the green software development model are very easy to be accessed by IT practitioners at the right time, in the right place because webbased KM system is applied in managing and sharing the guidelines. As far as we know, there is no knowledge base which focuses deeply on practices, approaches, recommendations and guidelines of green software development. Our proposed findings can gather all the related knowledge in an online knowledge-based system, which provides the members of CoP, especially software developers, with phase-by-phase knowledge that enables them to develop an environmental-friendly software product without compromising the functionality and effectiveness of the software itself.
At the end, the proposed model can help software development organizations to receive a lot of advantages:
• Achieve environmental sustainability and sustain the future generation by accomplishing the objectives of energy-saving and carbon footprint reduction.
• Earn high reputation from the society because the global environmental awareness drives people always look for "greener" products that produced by organizations that really care for social and environmental responsibility.
• Gain competitive advantages from competitors because the software development organizations who apply green knowledge able to break through in the fight against resources-wasting and carbon pollution issues.
• Receive great supports from the government and environmental NGOs because the organizations can prove that they do really care about the policies and initiatives decided by the government and environmental NGOs in promoting energy-saving and pollution-reducing matters.
A win-win situation definitely can be achieved in the long run.
VI. CONCLUSION
As a result of the preliminary study towards developing green software development model in managing knowledge of the members of CoP through a web-based KM system, this research tries to propose a model in managing and sharing the green knowledge of software development effectively. The model will suggest some practices that help in sharing the knowledge among members of CoP, so that an environment friendly software system can be developed. The improved and simplified web-based KM system can facilitate the potential to increase sustainability for all phases of green software development.
Future work of the research is to construct detailed parts of the green software development model especially the main focus is on the seven phases of the lifecycle. Besides, architecture and techniques of the web-based KM system will also be investigated in detail so that the system can surely manage and share the green knowledge in CoP of software development environment successfully.
